There are technical difficulties in obtaining intact sections of cereal grains in which mature cells and their subcellular structures are well preserved. Here we describe a simple method for sectioning hard mature rice grains. It makes possible accurate localization of storage proteins in high-quality histological sections of rice endosperm.
Immunofluorescence microscopy of fresh-frozen sections is widely used as a very sensitive technique for localizing target proteins of interest. Sectioning of biological tissues for histochemical study requires maintaining the original structure intact. Although the cryomicrotome, which is suitable for preparing freshfrozen thin sections, was developed half a century ago, it is very difficult to obtain thin-sectioned specimens of hard tissues. The endosperm of mature cereal grains is very hard. The low-moisture and high-solids content of mature endosperm tissue, including most starch and some storage proteins, makes common methods of fixation, infiltration, and embedding ineffective, and thus sections of mature rice grain cannot be made thin enough for the study of subcellular protein structures. 1) Recently, Kawamoto and Shimizu 2) developed a convenient system that uses a cryomicrotome to obtain uniform sections of whole rat bodies with completely calcified bone and teeth. They used an adhesive film to avoid damaging frozen sections during cutting. The film is specially prepared with synthetic adhesive (Cryo-Film Transfer Kit, Finetec, Tokyo).
3) This method is expected to be useful in the preparation of thin sections with which to investigate the subcellular structures of mature cereal grains.
The preparation of thin sections of most mature cereal grains for cytochemical analysis is difficult. Rice is especially difficult in this regard, because its endosperm tissue is hard. Ogawa et al. 4) obtained paraffin sections of rice grains by the adhesive-tape technique, but this technique was not suitable for immunohistological observation. We applied the Kawamoto and Shimizu method to rice grains, and the result was intact freshfrozen sections of rice grains without the loss of antigenicity.
Mature rice grains (Oryza sativa L. cv Nipponbare) were vacuum infiltrated for 30 min with 3% (w/v) carboxymethyl cellulose (CMC) gel. The samples were embedded in CMC gel and frozen in cooled hexane (À94 C) (Fig. 1A ). Cryostat sections of 3-or 10-mm thickness were generated using the Cryo-Film Transfer Kit ( Fig. 1B and C) . The film sections were immersed in 100% ethanol to remove trapped air bubbles, and then mounted with glycerin under a coverglass. For histological staining, the sections were placed in a fixative that consisted of 4% (w/v) paraformaldehyde in 0.1 M phosphate buffer (pH 7.2), and fixed for 5 min. Then total proteins of this section were stained with Coomassie brilliant blue (CBB) for 5 min. For immunocytochemistry, anti-13 kDa prolamin antibodies 5) were conjugated with fluorescent dye Cy3 using a FluoroLink-Ab Cy3 labeling kit (GE Healthcare, Buckinghamshire, UK). The fixed sections were treated with blocking solution of 1% bovine serum albumin in 0.1 M phosphate buffer (pH 7.2) for 30 min at room temperature. The sections were then incubated with anti-13 kDa prolamin antibodies labeled with Cy3 diluted 1:1,000 in blocking solution for 1 h at room temperature. The seed sections were inspected under a fluorescence microscope (BX51; Olympus, Tokyo) and by IM500 Image Manager software (Leica, Wetzlar, Germany) and Aquacosmos software (Hamamatsu Photonics, Hamamatsu, Japan).
We attempted to apply the Kawamoto and Shimizu method to the rice grains, but intact thin-sectioning of mature rice grains cannot be easily achieved because of its low moisture contents. We conducted pretreatment with a CMC gel to section the mature rice grains. CMC gel penetration into the intracellular spaces of the grains made possible uniform thickness in the sections and conservation of subcellular structures. As shown in Fig. 2A , we obtained intact sections of mature rice grains by combining pretreatment with CMC gel with the use of an adhesive film. The caryopsis coat, embryo, and endosperm (aleurone layer and starchy endosperm) were almost perfectly preserved. Entire grains were easily cut into 3-to 10-mm-thick sections. We recommend 10 mm for macroscopic and 3 mm for microscopic examination. Figure 2B shows the endosperm at high magnification. The subcellular structures in the aleurone layer and starchy endosperm were dense and perfectly preserved (Fig. 2B) . Starch granules were more frequently observed inside the starchy endosperm than outside (Fig. 2B) . A large proportion of proteins (CBB-stained) can be seen in the outer layer of the grain ( Fig. 2A and B) . These results indicate that the thin fresh-frozen sections prepared in this study were good for both low-and high-magnification study.
In rice endosperm cells, seed storage proteins accumulate in two types of granules, called protein bodies. It has been found that the type I protein body (PB-I) stores prolamin as an alcohol-soluble protein, whereas PB-II contains mainly glutelin as an alkaline-soluble (and/or acid-soluble) protein.
6,7) Furukawa et al. 5) identified the local distributions of rice storage proteins in mature rice grains by confocal laser scanning microscopy, but the distribution of rice storage proteins in the whole rice grains has not been determined. As an immunohistochemical application, the distribution of prolamin was examined in frozen sections. Figure 3 shows the distribution of prolamin in three sections of whole rice grains. The most intense fluorescence of prolamins was detected at the periphery of the endosperm tissue (Fig. 3A to C) . This result agrees with previous studies. 5, 8) There are apparent differences in the distribution of prolamin between lateral side and the vertical side. Observation of the cross section revealed more prolamins accumulated on the lateral side of rice endosperm (Fig. 3A) .
The simple method used in this study allows one to obtain excellent histological sections of mature rice grains for morphometric investigations as well as for immunohistochemical experiments. The distribution of the prolamin in whole mature rice grains was first identified in this study. The frozen film method can be applied to immunohistochemistry, enzyme histochemistry, and in situ hybridization.
9) The thin frozen film method for rice grains should provide a highly useful tool for investigating and understanding rice seeds. 
